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METHODS OF FILLING GAPS BY DEPOSITION ON MATERIALS HAVING 

DIFFERENT DEPOSITION RATES 

CLAIM FOR PRIORITY 
This application claims priority to Korean Patent Application No. 2002-78779, 
filed on December 11, 2002, the content of which is incorporated herein by reference. 

FIELD OF THE INVENTION 
The invention relates to methods of manufacturing semiconductor devices, and 
more specifically, to methods of forming insulation layers in semiconductor devices, 
such as memory devices. 

BACKGROUND 

As the size of features included in integrated circuit devices is reduced, the 
spacing between those features may be reduced. Voids or seams can occur if the gaps 
are incompletely filled, for example, with insulation layers. Voids and/or seams can 
be more likely when an aspect ratio of the gap {i.e., a ratio of the depth of the gap to 
the width of the gap opening) is increased. 

Figs. 1 to 3 are cross-sectional views that illustrate a conventional method of 
filling a gap. Referring to Fig. 1, a pattern is formed on a substrate 10 including gaps 
14 that are subsequently filled by a material. For example, the pattern may be 
trenches, gate electrodes or interconnections. If the pattern includes trenches (as 
shown in Fig. 1), the trenches themselves can be considered to be the gaps 14 that are 
filled. On the other hand, if the pattern includes gate electrodes or the 
interconnections, spaces between the gate electrodes (or the interconnections) can be 
considered the gaps 14 that are filled. 

Referring to Fig. 2, an isolation layer 18, such as a high-density plasma oxide 
layer or an undoped silicate glass (USG) layer, is deposited in the gaps 14. However, 
as shown in Fig. 2, voids 20a or seams 20b may occur in the gaps 14 if the aspect 
ratio of the gaps 14 is 8:1 or more. 

Referring to Fig. 3, the insulation layer 18 containing the voids 20a or the 
seams 20b is planarized using, for example, chemical mechanical polishing methods 
or an etch back process. When the insulation layer 1 8 is planarized, some of the voids 
20a and seams 20b may be exposed through an opening 20c in the surface. 
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Accordingly, remnants of a subsequently deposited conductive layer or other 
contaminant material may be deposited in the voids 20a and the seams 20b through 
the opening. 



5 SUMMARY OF THE INVENTION 

Embodiments according to the invention can provide methods of filling gaps 
using materials having different deposition rates. Pursuant to these embodiments, a 
first material can be formed on a bottom surface of the gap, where the first material 
has a first rate of deposition of oxide. An oxide material is deposited on the first 
10 material to grow the oxide material in the gap toward an opening in the gap at the first 
rate and away from the side wall of the gap at a second rate that is less than the first 
rate. 

Accordingly, a material on the bottom of the gap promotes deposition at a 
greater rate than a different material on a side wall of the gap. The greater deposition 

15 rate of the material on the bottom of the gap can cause the growth occurs at a faster 
rate toward the opening of the gap than away from the side wall of the gap toward a 
central region of the gap. 

In some embodiments according to the invention, the first material is formed 
to avoid forming the first material on the side wall nearer the opening in the gap. In 

20 some embodiments according to the invention, a second material is formed on the 
bottom surface of the gap and on the side wall of the gap, where the second material 
has a second rate of deposition of oxide thereon. 

In some embodiments according to the invention, the gap is formed in the 
substrate through a hard mask thereon prior to forming the first material in the gap. 

25 In some embodiments according to the invention, the hard mask is removed from the 
substrate prior to forming the first material in the gap. 

In some embodiments according to the invention, the first rate is about four 
times greater than the second rate. In some embodiments according to the invention, 
a depth of the gap is at least about eight times greater than a width of the gap. 

30 In some embodiments according to the invention, the first material includes a 

first oxide layer and an ozone amount is introduced in a range between about 1 liter 
and about 18 liters to provide a concentration in a range between about 1.0% by 
weight and about 18% by weight to an environment containing the substrate. ATEOS 
is introduced to the environment at a rate in a range between about lOOsscm and about 
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1200sscm. 

In further embodiments according to invention, a pattern is formed to define a 
gap on a substrate. A bottom oxide layer is formed on a surface of the substrate and 
filling the gap. The bottom oxide layer is etched back inside an opening in the gap to 
5 expose side walls of the gap so that a residual bottom oxide layer remains at a bottom 
of the gap. A top oxide layer is selectively deposited on the residual bottom oxide 
layer, wherein the top oxide layer is deposited in a first direction toward the opening 
at a faster rate than in a second direction away from the side walls. In some 
embodiments according to the invention, the bottom oxide layer is formed to a 
10 thickness in a range between about 100 Angstroms and about 3600 Angstroms. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1-3 are cross-sectional views of a method of filling a gap during 
fabrication of a conventional semiconductor device. 
15 Figs. 4-8 are cross-sectional views illustrating methods of filling gaps 

according to some embodiments of the invention. 

Figs. 9-10 are cross-sectional views illustrating methods of filling gaps 
according to some embodiments of the invention. 

20 DESCRIPTION OF EMBODIMENTS ACCORDING TO THE INVENTION 

The invention will now be described more fully hereinafter with reference to 
the accompanying drawings, in which embodiments of the invention are shown. This 
invention may, however, be embodied in many different forms and should not be 
construed as limited to the embodiments set forth herein. Rather, these embodiments 

25 are provided so that this disclosure will be thorough and complete, and will fully 
convey the scope of the invention to those skilled in the art. 

In the drawings, the thickness of layers and regions are exaggerated for clarity. 
It will be understood that when an element such as a layer, region or substrate is 
referred to as being on another element, it can be directly on the other element or 

30 intervening elements may also be present. 

Furthermore, relative terms, such as "lower" and "upper", may be used herein 
to describe one elements relationship to another elements as illustrated in the Figures. 
It will be understood that relative terms are intended to encompass different 
orientations of the device in addition to the orientation depicted in the Figures. For 
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example, if the device in the Figures is turned over, elements described as being on 
the "lower" of other elements would then be oriented on "upper" of the other 
elements. The exemplary term "lower", can therefore, encompasses both an 
orientation of lower and upper, depending of the particular orientation of the figure. 
5 It will be understood that although the terms first and second may be used 

herein to describe various regions, layers and/or sections, these regions, layers and/or 
sections should not be limited by these terms. These terms are only used to distinguish 
one region, layer or section from another region, layer or section. Thus, a first region, 
layer or section discussed below could be termed a second region, layer or section, 

10 and similarly, a second without departing from the teachings of the present invention. 
Like numbers refer to like elements throughout. 

Fig. 4 through Fig. 8 are cross-sectional views illustrating methods of filling 
gaps for forming trench isolation layer according to some embodiments of the 
invention. Referring to Fig. 4, a hard mask pattern 52 is formed on a substrate 50. 

1 5 The substrate 50 is etched using the hard mask pattern 52 as an etch mask to form 

trenches 54. The hard mask pattern 52 may include an oxide layer and a nitride layer, 
which are stacked on the substrate. The hard mask pattern remains 52 on the substrate 
50. In some embodiments according to the invention, the hard mask pattern 52 
includes an oxide layer, a polysilicon layer and/or a nitride layer. 

20 Referring to Fig. 5, a silicon nitride layer liner 56 is formed conformally on a 

surface of the substrate including on the hard mask pattern 52 and in the trenches 54. 
An oxide layer 58 is formed on a surface of the substrate 50 (and on the liner 56 in the 
trenches 54). In some embodiments according to the invention, a trench oxide layer is 
formed in the trench 54 using a thermal oxidation process before forming the liner 56. 

25 The oxide layer 58 is formed of an oxide material such as spun-on-glass (SOG), USG 
and/or high density plasma (HDP) etc. Because an aspect ratio of the trenches 54 is 
high, voids 60a or seams 60b may appear in the oxide layer 58 formed within the 
trenches 54. 

Referring to Fig. 6, the oxide layer 58 is etched back inside the trenches 54, 
30 using a wet etching process or a dry etching process, so that a lower oxide layer 62 
remains at a bottom of the trenches 54. Furthermore, the oxide layer 58 is removed 
from surfaces of the trenches 54 above the lower oxide layer 62 and outside the 
trenches 54. 

Referring to Fig. 7, an upper oxide layer 64 is selectively formed on the 
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lower oxide layer 62 at bottom of the trenches 54. In some embodiments according to 
the invention, the upper oxide layer 64 is formed to be limited to within the trenches 
54. In some embodiments according to the invention, the upper oxide layer 64 is 
deposited using an ozone and tetra-ethoxy-silane (TEOS) source. In some 
5 embodiments according to the invention, the upper oxide layer 64 is deposited with 
the source at a pressure in a range between about 200 torr and about 760 torr and at a 
temperature in a range between about 400°C and about 480°C. In some embodiments 
according to the invention, an amount of ozone in a range between about 1 liter and 
about 1 8 liters is introduced (into an environment containing the substrate) in a 
10 concentration in a range between about 1% by weight and about 18% weight, and the 
TEOS is provided at a flow rate in a range between about 1 OOsccm and about 
1200sccm. 

In some embodiments according to the invention, a material on the bottom of 
the trench promotes deposition at a greater rate than a different material on a side wall 

1 5 of the trench. The faster deposition of the material on the bottom of the trench allows 
the region where the voids or seams may otherwise be formed (i.e., in the central 
region above bottom of the trench) to be filled with an oxide before the deposition 
from the material on the side walls reaches the central region. 

Referring to Fig. 7, the oxide layer may be deposited on the liner 56. 

20 However, the rate of deposition of the oxide layer formed on the bottom oxide layer 
can be faster than the deposition rate of the oxide layer formed on the liner 56 (on the 
side wall of the trenches 54). Accordingly, the upper oxide layer is grown according 
to a convex surface profile toward the opening of the trench 54 to a level below the 
opening. 

25 The thickness of the lower oxide layer 62 on the bottom of the trenches 54 

can be varied depending on the aspect ratio of the gaps. In some embodiments 
according to the invention, the thickness of the lower oxide layer 62 is in a range 
between about 100 Angstroms and about 3600 Angstroms to avoid formation of the 
void 60a and/or the seam 60b. 

30 As will be appreciated by those skilled in the art given the benefit of this 

disclosure, during deposition, a source gas is absorbed on a material exposed to the 
deposition. As a result, an oxide layer, for example, is deposited by a reaction between 
the material and the source gas used for deposition. The absorbed source gas is 
desorbed simultaneously. For example, when the deposition temperature is low, a 
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deposition rate of a silicon nitride layer or the oxide layer on the surface of the silicon 
layer or silicon nitride layer is low compared to the deposition rate of the oxide layer 
on the surface of another oxide layer. Therefore, the oxide layer is selectively formed 
on the other oxide layer. Furthermore, as the flow rate of the source gas decreases, 
5 the difference between deposition rate of the oxide layer and the silicon nitride layer 
or the silicon layer can be increased. For example, when the oxide layer is deposited 
at a temperature of 430°C, a pressure of 600 torr and TEOS of 350sccm, the rate of 
deposition on oxide layer is about four times faster than deposition on the liner 56. 

Referring to Fig. 8, the hard mask pattern 52 and the liner 56 on the substrate 

10 50 outside the trench 52 are removed to expose a top part of the substrate 50. An 
isolation layer 66 including the lower and upper oxide layers 62 and 64 is formed. 
The lower and upper oxide layers 62 and 64 are stacked in the trenches 54. 

Fig. 9 and Fig. 10 are cross-sectional views illustrating a method of filling a 
gap according to some embodiments of the invention. Referring to Fig. 9, after 

15 forming the trenches 54 in the substrate 50, the lower oxide layer 62 is formed at 

bottom of the trenches 54. The oxide layer is formed on the surface of the substrate 
including in the trenches 54. The oxide layer is etched back inside the trenches 54 so 
that the oxide layer remains only on bottom portions of the trenches 54, whereupon 
the hard mask pattern (see 52 in Fig. 4) is removed thereby forming the lower oxide 

20 layer 62. 

In some embodiments according to the invention, the hard mask pattern (see 
52 in Fig. 4) is removed after forming the trenches 54. In particular, the oxide layer is 
formed on the surface of the substrate and the hard mask pattern 52 is removed. The 
oxide layer is etched back inside the trenches 54 to form the lower oxide layer 62 at 

25 bottom of the trenches 54. In some embodiments according to the invention, a trench 
oxide layer (not shown) is formed before forming the bottom oxide layer 62 using 
thermal oxidation process on the side wall of the trenches 54. 

Referring to Fig. 10, an upper oxide layer 74 is formed on an entire surface 
of the substrate including in the trenches 54 on the lower oxide layer 62. The upper 

30 oxide layer 74 can be formed as disclosed above in reference to Fig. 7. In other 
words, the upper oxide layer 74 can be deposited at a pressure in a range between 
about 200 torr and about 760 torr at a temperature in a range between about 400°C 
and about 480°C. In some embodiments according to the invention, an amount of 
ozone in a range between about 1 liter and about 18 liters is introduced (into an 
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environment containing the substrate) to provide a concentration in a range between 
about 1% by weight and about 18% by weight, and the TEOS is provided at a rate in a 
range between about lOOsccm and about 1200sccm. 

The deposition rate of the oxide layer on the silicon layer can be higher than 
5 that of the oxide layer on the silicon nitride layer of Figs. 5-8. However, when the 
oxide layer is deposited under the conditions that an amount of ozone in a range 
between about 1 liter and about 18 liters is introduced (into an environment 
containing the substrate) to provide a concentration in a range between about 1% by 
weight and about 1 8% by weight, and the TEOS is provided at lOOsccm to 1200sccm 

10 at a temperature in a range between about 400°C and about 480°C, the deposition rate 
of the oxide layer is higher than that of the silicon layer. Therefore, the trenches 54 
are filled with the oxide layer without forming the void. 

In some embodiments according to the invention, gaps (such as trenches or 
spaces between gate electrodes) are filled by depositing an oxide in the gap having a 

15 relatively high deposition rate material (such as an oxide layer) on the bottom of the 
trench and absent from the side wall of the trench. The side wall has a relatively low 
deposition rate material (such as a nitride layer or a silicon layer) formed thereon. 
The relatively high deposition rate of the material on the bottom of the gap can cause 
an oxide to grow faster on the bottom of the gap than on the side wall, which can 

20 cause faster growth in a central region of the gap (toward the opening of the gap) than 
in a region nearer the side wall. Accordingly, the formation of seams or voids in an 
oxide deposited in high aspect ratio gaps can be reduced. 

While the invention has been particularly described with reference to the 
embodiments herein, it will be understood by those of ordinary skill in the art that 

25 various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the following claims. 
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